INTRODUCTION
isms upon which ruminants rely for digestion of plant material (van Beek 1986) . Essential oils are the odorous, volatile products of plant secThe use of essential oils as antimicrobial agents has been ondary metabolism, normally formed in special cells or described qualitatively for many years starting with the phegroups of cells or as glandular hairs, found on many leaves nol coefficients of a number of essential oils published by and stems. Oils occur as a globule or globules in the cell, and Martindale (1910) . Recently, it has been demonstrated that may also be excreted from cells lining the schizogenous ducts essential oils of female and hermaphrodite Thymus bacticus or canals. They may be present in such glandular cells or Boiss (thyme oil) showed marked activity against some Gramducts in any or all organs of the plant including roots, stem, positive and Gram-negative bacteria and yeast. The activity buds, leaves, flowers and fruits. However, oils are commonly was greater in the essential oils containing larger amounts of concentrated in one particular region such as leaves, bark or geraniol (Cruz et al. 1993) . The antifungal activity of six fruit, and when occurring in various organs in one plant may essential oils was tested in vitro and 16 clinical isolates of the possess different individual chemical components (Bonner dermatophytes Epidermophyton floccosum, Microsporum canis, 1991) .
Trichophyton mentagrophytes and Trichophyton rubrum isolated The function of essential oils is believed to be largely from patients with dermatophytosis (Lima et al. 1992 The 1990) . Reproducibility is particularly difficult using the drop bacteria were maintained at 4°C on slope cultures (NA) and diffusion method (Carson and Riley 1995) . Factors such as the yeasts were maintained at 4°C on MYGP agar. solubility and rate of vaporization of the oils are difficult to monitor and may lead to erroneous results.
The aim of this study was to examine the antimicrobial Antimicrobial activity study activity of 51 essential oils of known geographical origin, against a range of Gram-positive and Gram-negative bacteria To establish growth curves, organisms were transferred asepand yeasts. The effect of the addition of dimethylsulphoxide tically from stock slopes into 9 ml of broth and incubated at (DMSO) as an oil solubilizer on the antimicrobial activities 30°C before dilution to 10 6 organisms ml −1 . Spread plates was investigated.
were prepared using 200 ml of broth. A 5 ml drop of essential Furthermore, by determining the composition of each oil oil was placed in the centre of each plate and the plates by gas chromatography the chemical components associated incubated at 30°C for 24 h, after which the diameter of with the antimicrobial action could be identified.
inhibition of growth in mm was measured. A minimum of three replicate plates was used for each oil.
MATERIALS AND METHODS

Essential oils Broth micro dilution assay
The essential oils were prepared in DMSO. A stock solution Fifty-one essential oils from a variety of commercial sources were tested. The species of plant, geographic origin and the of the oil to be tested was prepared by diluting 0·336 g in 20 ml of DMSO. Stock solution was then added to the culture part of the plant from which the oil was obtained are shown in Table 1. broth to give final concentrations of 10-500 mg ml −1 . To 2·0 ml of nutrient broth was added the required amount of oil in DMSO and 200 ml of the test bacteria diluted to 10 5 organisms Gas chromatography ml −1 . The samples were then incubated for 40 h at 37°C and the absorbances read at 700 nm. Control samples of broth To 400 ml of each essential oil was added 25 ml of isopentane and 25 ml of eicosane to act as low and high end markers and organism, and broth with DMSO plus organism (DMSO blanks) were incubated under the same conditions. respectively. The analyses were performed using a Perkin Elmer 8600 gas chromatograph fitted with flame ionization To 2 ml of MYGP broth was added the required amount of oil in DMSO and 200 ml of the yeast in MYGP broth. The detector. A 50 m column 0·22 m i.d. with 1 mm of BP1 phase (SGE) was used ; oven temperature was 70°to 260°C at samples were incubated for 40 h at 30°C and the absorbances read at 700 nm. Control samples were incubated under the 2°C min −1 ; detector and injector temperatures were 300°C ; amount injected was 0·1 ml (split ratio 15 : 1) ; carrier gas was same conditions. The minimal inhibitory concentration (MIC) was defined as the lowest concentration which resulted helium at a flow rate of 1·738 ml min −1 ; total run time was 95 min.
in a reduction of ×90% in the observed absorbance. ---------------------------------------------------------------------------------------------------------------- 
Table 1 Botanical and geographical sources of essential oils -----------------------------------------------------------------------------------------------------------------
distillation -----------------------------------------------------------------------------------------------------------------
Assay of cinnamon oil with and without DMSO as
The oils inhibited growth of the yeast species more than solubilizer against Saccharomyces cerevisiae the bacterial species confirming previous work (Hammerschmidt et al. 1993) . Pseudomonas aeruginosa proved to be the To 50 ml of MYGP broth in 250 ml conical flasks was added most resistant organism with only 13 of the 51 oils showing the required amount of cinnamon oil in DMSO (prepared as any inhibitory activity, which correlated with previous data in the broth micro dilution assay). Parallel samples added the (Panizzi 1993) . Staphylococcus aureus proved to be the second oil without DMSO to 50 ml MYGP broth. To each sample most resistant organism, whereas 20 oils showed activity 5·0 ml of S. cerevisiae diluted to give 10 5 organisms ml −1 in against E. coli. In drop diffusion experiments studying the the final solution were added. The samples were incubated inhibition of growth of the yeasts, 47 oils showed inhibitory upright for 48 h at 30°C on a rotating platform operating at activity against C. albicans, 49 oils showed activity against S. 100 rev min −1 . Following incubation, absorbance was meapombe and 50 showed activity against S. cerevisiae and T. sured at 700 nm and the mass of cells determined by cenutilis. The level of inhibitory activity of the oils varied from trifugation followed by freeze drying. Control samples of 0·3 to 90% of total growth. broth, broth¦organism, and broth¦oil were incubated Analysis of each oil by gas chromatography showed that under the same conditions. similar chemical constituents were found in some of these oils. A single chemical species, however, was not ubiquitously
Analysis of data
found suggesting that different constituents were contributing to the antimicrobial activity of each of the oils. For the drop diffusion method a minimum of three replicates
The drop diffusion method proved useful as a preliminary was prepared. The mean and standard error were calculated.
screening test for such a large number of oils. However, For the broth dilution method the mean absorbance of the because of its reliance on the solubility and the rate of diftriplicate samples was compared with the mean absorbance fusion of an oil in aqueous medium, low zones of inhibition of the broth samples containing DMSO without oil to give a could often falsely arise (Janssen et al. 1986 ). Further tests measure of the overall reduction in growth. For the comusing broth dilution assays were made to ensure that the parative assay with and without DMSO, analysis of variation solubilizing agent itself did not have an inhibitory effect, or (ANOVA) was performed followed by Student t-tests.
if so, that this effect was minimized. The concentration of DMSO used in the broth dilution assays was kept below 30
RESULTS AND DISCUSSION
ml ml −1 , selected from a preliminary screening of the level of DMSO to ensure the effects on bacterial and yeast growth Of the 51 oils tested all showed activity in inhibiting the were minimal. growth of at least one of the seven micro-organisms by the The results of the broth dilution assays are shown in Table  drop diffusion method. Thirteen oils demonstrating activity against at least five of the organisms are shown in Table 2. 3. Above 90% reduction in growth was seen with clove oil Table 2 Antimicrobial effect of essential oils using the drop diffusion method ---------------------------------------------------------------------------------------------------------------- Clove  37·8  21·5  22·8  40·3  49·7  39·0  34·3  Coriander  13·2  11·7  6·0  28·7  32·0  37·0  33·0  Cinnamon  44·9  45·2  25·4  38·7  53·0  42·3  43·0  Cardamon  5·0  2·7  0  7·3  31·7  18·7  *  Thyme  40·6  51·3  14·5  60·7  80·0  67·3  69·0  Tea tree  13·7  6·9  5·3  11·3  12·7  47·0  20·3  Marjoram  21·0  12·0  3·0  9·0  22·7  7·7  22·7  Ho leaf  16·0  15·5  4·7  37·3  40·0  34·0  47·7  Rosemary  1·3  0  0  6·7  12·3  9·7  16·3  Peppermint  16·1  16·0  4·8  16·0  13·0  13·3  17·0  Palmarosa  0  13·7  7·0  29·7  21·0  23·3  23·0  Lemongrass  *  *  *  *  *  47·0  *  Sage  15·0  5·3  0  11·0  9·0  12·7  15·7  - ---------------------------------------------------------------------------------------------------------------- Mean diameter of inhibition of growth in mm, standard error within 10%. Maximum plate diameter was 80 mm. *Denotes patchy inhibition but no single clear zone. ---------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- Clove  74·3  82·9  74·5  60·9  99·0  94·6  93·8  Coriander  67·3  44·2  74·3  74·7  67·8  86·6  17·9  Cinnamon  67·3  69·6  84·8  72·2  59·2  100  96·4  Cardamon  45·7  58·9  44·4  41·2  90·2  62·4  82·1  Thyme  75·2  94·5  77·2  100  100  100  100  Tea tree  27·8  43·3  75·4  37·1  68·9  32·7 Examination of the constituents of the 13 oils shown in Table 3 by reference to published data (Masada 1976) , and utilis and C. albicans, peppermint against S. pombe, palmarosa against S. pombe, S. cerevisiae and T. utilis, and lemongrass separations achieved by gas chromatography showed common components which could contribute to the antimicrobial oil against S. cerevisiae. Clove, cinnamon and thyme oils caused ×50% reduction in growth with all organisms. No activity of these oils. Such components were identified as eugenol, linalool and p-cymene. Figure 1 shows a typical activity was observed with sage or lemongrass oils against S. pombe, and marjoram against E. coli. chromatographic separation of cinnamon oil. Eugenol was identified by gas chromatographic separations of oils from There was some variation in data from the drop diffusion assay compared with that from the broth dilution assay. For
-----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
Thymus masticina (thyme), Cinnamomum zeylanicum (cinnamon) and Eugenia caraphyllata (clove), respectively. Morris example, the diameter of inhibition in the drop diffusion test for cinnamon oil against S. cerevisiae and T. utilis was similar et al. (1979) demonstrated MIC values of 500 ppm for pure eugenol against Staph. aureus, E. coli and C. albicans, which at 53 mm and 42·3 mm, whereas in the broth dilution assay, 59% and 100% reduction in cell growth was recorded respeccorrelate closely with the MIC values obtained in this study with intact oils. Linalool, reported previously to have antitively.
Much higher concentrations of solubilized oils were required for inhibition than with the commercially available ----------------------------------------------------- 400 ppm against T. utilis and S. pombe. Thyme showed a MIC
------------------------------------------------------
value of ³300 ppm for all the yeast species and palmarosa oil 0 97·5 6·1 101·7 7·7
showed a MIC value of 400 ppm against S. pombe, S. cerevisiae The activity of cinnamon oil against S. cerevisiae was mark-500 0 0 edly increased in the absence of DMSO (Table 4) . Total
inhibition of growth in broth dilution experiments occurred with ×500 mg ml −1 when solubilized in DMSO. These of the oil, for good reproducibility of data. This study has shown much greater activity (50-fold more) can be attained with cinnamon oil against S. cerevisiae in the absence of solubilizer. This may be due to the partitioning of the oil between the aqueous phase and DMSO, distancing the oil from the cells. When no DMSO is used, the oil may be solubilized in the lipid membrane of the organism where it can have a greater effect on cell metabolism. The mechanism of action of essential oils or their components is unclear, as is the potential for resistance mechanisms arising to their antimicrobial activity. These aspects must be investigated if the use of essential oils as preservatives is to become economically viable.
